In the application of ground water source heat pump technology, energy saving considerations play an important role. The main objective of the present study is to investigate the performance characteristics of a groundwater heat pump system (GWHP) on the actual operation, using the energy and exergy analysis method. The system was installed in a apartment buildings of Wuhan, China. In the duration of one year, various operating parameters of the system were monitored and the coefficient of performance (COP) values of system and chiller is determined based on a series of measurements. The exergy transports and destruction between the components of the system are determined for the average measured parameters obtained from the experimental results. Inefficient facts are found out. Lower approach temperature is effective energy saving. In addition to the energy analysis, a full exergy analysis helps to identify the components where inefficiencies occur.
Introduction
Groundwater is a very good heat source-sink for heat pumps. GWHP offer a new and clean way to provide heating and cooling for buildings [1] . GWHP can be the most economical type of ground-source heat pump system, but the application of GWHP is restricted by local groundwater conditions and regulations [2] . In China, there has been a rapid development of GWHP in the recent years, due to environment care and energy saving objectives [3] [4] [5] .
Wuhan is located in hot summer and cold winter region in China. In Wuhan, the temperature of the groundwater is 18 22°C. Because of the abundant source of ground water in Wuhan, GWHP is feasible and more efficient to operate when compared to conventional manner. A GSHP survey of Wuhan shows that 20 GSHP systems had been installed in 2000 [6] .
There are several studies characterizing the performance of GWHP [6] [7] [8] . However, there is no report about the long-term energy performance of GWHP operating in hot summer and cold winter climate region.
The work we present in this article describes long-term energy performance studies of a GWHP system. This study also describes an exergy analysis to assess the system performance by calculating exergy transports and destruction. The centralize GWHP system had been installed in a apartment buildings in Wuhan. The systems had been fully monitored throughout one year. 
Analysis methodology
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Where Ex represents the exergy rate of the fluid kJ/s. m is the flow rate of the fluid kg/s,T0 is the environment temperature K. h and h0 are the enthalpy of environment and fluid kJ / kg. s and s0 is entropy of environment and fluid kJ/kg-k.
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System description
The GWHP system mainly consists of three separate water loops: a) the groundwater loop (primary loops, between wells and plate heat exchangers); b) the plate heat exchangers loop (primary loops, between plate heat exchangers and chillers) and c) the fan-coil loop (secondary loops, between chillers and fancoils). In the GWHP system, three plate heat exchangers, which exchanged the heat between groundwater and chillers, were added between the wells side and the chillers side to prevent the chillers from being corroded by groundwater. The simplified system schematics of the GWHP are shown in Figure 1 . There are 3 unit chiller plants with same capacity. The specifications of chillers are summarized in Table 1 . The pumps are constant rate and are controlled manually. According to the design, the pump unit amount was corresponding to the chillers amount. Water valves are used to switch between heating and cooling modes by reversing the water flow direction of condenser and evaporator of chillers. In heating mode, the condenser was connected to load side, and the evaporator to plate heat exchanger side. In cooling mode, the connections were reversed.
Load peak values in heating and cooling modes were designed as 2950 kW and 3687 kW, respectively.
The groundwater for the system comes from eight wells around the buildings, 47m depth and 500 mm diameter. In order to keep in balance the underground water system, three wells are used for withdrawing and the other five are used for injection. The distance between each two wells is about 80~120m. The groundwater level was about 17.8 m~21m. Each well is equipped with one deep well pump.
Measurement and data collection
This present measurement was from June 2007 to February 2008. The parameters measured include temperature of the inlet/outlet water of chillers on the primary and the secondary side, rates of flow and electricity consumption of chillers and pumps.
The flow rates were measured by supersonic flow meters. The electricity consumption of the pumps and chillers were measured separately by using watt meter and were recorded by direct reading every day. The temperatures were measured by thermocouples mounted on the water inlet and outlet lines. The temperatures were monitored and recorded in every two hour.
Results
According the survey data, only one of the three chiller plants was operating in cooling season or heating season in turn and was adequacy to meet the loads of space heating and cooling all the time. The three chillers of the system were oversize for the buildings. During our survey period, there were mostly two of the three pumps groups operating in cooling season and one of the three pumps groups operating in heating season.. One pump group includes a secondary pump, a plate exchange pump and a well pump. The exergy analysis is calculated base on the data of the hottest and coldest months. Table 2 presents month power consumption data of the system and each equipment. The COP of the chillers and the system are, 4.1 (cooling)/ 4.57 (heating) and 2.68 (cooling)/ 3.1 (heating), respectively.
Electrical consumption
Parameter of exergy analysis
The refrigerant R22 is used in the water-to-water chillers. The environment temperature is the average month temperature: 1. Tables 5 and 6 show that exergy destruction occur on the site of water transports and chillers. The condensers and evaporator are main exergy destruction parts and lowest exergy efficiency, because of the higher approach temperature between inlet and outlet of the chillers. The approach temperature between inlet and outlet of the chillers are condensers 10.3 / evaporator 10.2 in summer, condensers 8.7 / evaporator 12.2 in winter. As a reference,5 of approach temperature between inlet and outlet of the chillers is max value of recommended in [9] .
Resule of exergy analysis
Conclusion
In the paper, long-term performance of a GWHP system was investigated in both seasons, heating and cooling, from June 2007 to February 2008. Measurements have provided a considerable amount of information about the system performance. A energy and exergy analysis are presented to show the performance of the system. The main conclusions drawn from the results of the present study are as follows:
1 The COP values of the chillers and system are, 4.1 (cooling)/ 4.57 (heating) and 2.68 (cooling)/ 3.1 (heating), respectively.
2 In comparison to other components, The condensers and evaporator of the chillers are lowest efficiency in terms of exergy destruction, because of the higher approach temperature between inlet and outlet of the chillers.
3) Groundwater supply some exergy to building in both season. In winter, exergy from groundwater are more valuable, when the groundwater temperature is higher 20 than outdoor air temperature. 4) GCHP is more efficiency than air source heat pump.
